Objective: To identify perinatal risk variables predictive of outcome in gastroschisis.
Introduction
Gastroschisis represents one of the most common surgical conditions requiring neonatal intensive care unit (NICU) admission, with an incidence of 1 per 3300 births that seems to be increasing. 1 Although the survival rate for gastroschisis is >90%, 2 there is a potential for substantial morbidity among survivors, including complications of prolonged parenteral nutrition, short bowel syndrome, and the potential need for liver and/or intestinal transplant. 3 Outcome improvement in gastroschisis relies on the identification of 'best practice' strategies leading to practice change through knowledge translation. Current obstacles to the identification of 'best practice' for gastroschisis are the relatively small numbers of cases for study at individual centers, and the lack of a gastroschisis-specific tool for risk adjustment. A prospective, disease-specific research database like that of the Canadian Pediatric Surgery Network (CAPSNet) enables the study of larger numbers of patients using standardized risk, treatment, and outcomes data that facilitates identification of statistically robust perinatal predictors of outcome. These tools enable risk stratification for the purpose of outcomes analysis and could also be used for the same purpose in randomized controlled trials conducted on discrete aspects of care (for example primary versus silo abdominal closure).
The purpose of this study was to identify perinatal risk and treatment predictors of mortality and survival outcomes in infants with gastroschisis.
Methods

Study population
The CAPSNet represents 16 Canadian pediatric hospitals with an on-site or functionally linked perinatal diagnostic/high risk obstetrical center, a Level III NICU, and the availability of pediatric subspecialty surgery and pediatric anesthesia. In aggregate, these centers provide population-based prenatal diagnosis and treatment for the majority of major congenital malformations in Canada, a country with a population of B33.5 million. (http:// www.statcan.gc.ca/daily-quotidien/090326/dq090326a-eng.htm).
Gastroschisis cases for this study were accrued from 14 centers over a 36-month period beginning 1 May 2005. Cases were ascertained at prenatal diagnosis (if one was made) or after birth, and data were abstracted from diagnosis to death or discharge from each CAPSNet center. Details related to data abstraction, de-identification, centralization, and privacy protection during data handling have been described earlier. 4 Data collection at the individual centers was sanctioned by each center's institutional review board and conformed to privacy protection laws in each of the 10 Canadian provinces.
Data fields
Data fields relevant to this study were collected for the entire patient group and included standard perinatal risk variables (gender, birth weight, gestational age (GA), neonatal illness severity, score for neonatal acute physiology-II (SNAP-II) score, calculated within 12 h of NICU admission, time of birth (daytime ¼ 08:01 hours to 20:00 hours; overnight ¼ 20:01 hours to 08:00 hours), obstetrical management (planned or emergency cesarean versus spontaneous or induced vaginal delivery), and surgical treatment (attempted urgent primary closure versus silo placement and delayed closure)). Attempted urgent primary closure was defined as an attempt at operative abdominal closure occurring within 6 h of NICU admission. For the purpose of data analysis, three risk variables (GA, birth weight, and SNAP-II score) were also stratified into clinically relevant categories (Figure 1 ). Outcomes studied included survival to hospital discharge, failure of abdominal closure at first operation, length of hospital stay (LOS), days of mechanical ventilation, days of total parenteral nutrition (TPN), and development of severe cholestasis (conjugated bilirubin X10 mg per 100 ml at discharge). Failure of abdominal closure was defined as the need for placement or replacement of a prosthetic silo after an operative closure attempt and occurred during both urgent and delayed operative closures.
SNAP-II score
The SNAP-II score is a measure of illness severity calculated using the deviation from normal of six physiological parameters (lowest blood pressure, lowest temperature, pO 2 //FiO 2 ratio, lowest serum pH, seizures, and urine output) over the first 12 h of admission to NICU. 5 The score is a standardized, clinically validated index that is independent of actual diagnosis, and has been predictive of outcome in other neonatal cohorts. 6, 7 Higher scores reflect further deviation from normal physiology and represent more severe neonatal illness.
Statistical analysis
Binary outcomes were analyzed by logistic regression and continuous outcomes by linear regression (SPSS for Windows version 15, SPSS, Chicago, IL, USA). Incomplete records were excluded if the analyses involved the specific missing field(s). Continuous variables were logarithmically transformed to normalize data distributions before analysis. Analyses of severe cholestasis, LOS, duration of mechanical ventilation, and duration of TPN were performed using survivor data only. GA, birth weight, and SNAP-II scores were analyzed as both continuous and categorical variables. Categorization resulted in small numbers within the highest risk groups for each variable, decreasing the power to detect significant relationships. Despite this limitation, P-values <0.05 were considered to represent significant relationships for these categorical analyses.
Results
Between 1 May 2005 and 31
May 2008, a total of 249 liveborn babies with gastroschisis were entered into the CAPSNet database and achieved a 'closed file' status, meaning they had either died or survived to hospital discharge ( Table 1 ). The group's mean GA was 36.2 weeks (±2.1 weeks), the mean birth weight was 2566.3 g ( ± 564.7 g), and the mean SNAP-II score was 9.2 ( ± 12.3). Route of delivery was induced or spontaneous vaginal in 157 (63%), and scheduled or emergency cesarean section in 92 (37%). Ninety-eight babies (41%) were born between 20:01 hours and 08:00 hours. Two hundred and thirty-eight infants (96%) survived. Survivors averaged 4.7 ( ± 5.2) days of mechanical ventilation, 37.0 (±31.6) days of TPN, and had a mean CAPSNet LOS of 49.2 ( ± 44.3) days. Surgical treatment consisted of either attempted urgent closure within 6 h of NICU admission (n ¼ 118, 50%) or delayed primary closure facilitated by placement of an abdominal silo (n ¼ 117, 50%). As an outcome, attempted urgent closure was predicted by higher SNAP-II scores with the highest score group almost 11 times more likely to undergo attempted urgent versus staged closure (RR ¼ 10.9, 95% CI ¼ 2.6 to 46.7). In addition, babies who were born in the daytime had a significantly higher attempted urgent closure rate than did babies born overnight (RR ¼ 1.4, 95% CI ¼ 1.1 to 1.8).
As would be expected, failed surgical closure occurred more frequently in patients undergoing attempted urgent versus staged closure (20% versus 9%; RR ¼ 2.16, 95% CI ¼ 1.11 to 4.21). Illness severity (SNAP-II) also predicted closure failure, both as a continuous variable, and within the highest SNAP-II score group (RR ¼ 4.9, 95% CI ¼ 1.43 to 16.8). As an outcome predictor, attempted urgent primary closure resulted in significantly fewer days of TPN (P ¼ 0.003) and a shorter LOS (P ¼ 0.0002).
Discussion
Gastroschisis is one of the most common congenital malformations requiring multidisciplinary NICU care. Despite a high probability of survival, gastroschisis babies and their families face a prolonged hospitalization with the potential for significant long-term morbidity, especially that related to impaired capacity for enteral nutrition leading to cholestatic liver disease and the potential need for organ transplantation. 8 Gastroschisis is also known to be an 'expensive' malformation to care for, based on its disproportionate resource consumption relative to other NICU diagnostic cohorts. 9 For these reasons alone, there is potential value in discerning perinatal variables that would allow identification of the subset of infants who are likely to be the most resource intensive and who are at highest risk for adverse outcome. For research purposes, there is also potential benefit in being able to risk stratify infants with gastroschisis to allow analysis of outcome variation by treatment. The few publications that have sought to address the specific issue of risk adjustment in gastroschisis have not yielded a consensus on predictive variables. A single center report of over 100 patients accrued over a 5-year period suggested that the presence of complex bowel 'injury' (atresia, necrosis, or perforation) conferred an increased risk of adverse outcome including mortality. 10 Another report of 185 patients accrued over a 30-year period suggested that while gestational immaturity and the development of necrotizing enterocolitis predicted adverse survival outcomes, the presence of intestinal atresia at birth, did not. Moreover, the finding that era of treatment was a significant predictor of outcome on multivariate analysis, suggested that variations in treatment over time were as likely to be a determinant of outcome as were specific perinatal risk attributes. 11 This specific shortcoming of single center studies are reflected by the tradeoff between prolonged case accrual time (over the course of which treatments may change) and inadequate sample size. The best available risk stratification tool for gastroschisis is that derived from 16 years of combined data from the National Inpatient Sample Database and the Kid's Inpatient Database. 12 These data sets constitute a representative US population sample, and although the database is populated with fields that identify comorbidities such as the presence of intestinal atresia and necrotizing enterocolitis, the limited reporting of outcomes (survival, LOS, and cost), and a paucity of fields specific to treatment represent significant deficiencies in the use of such a data set for clinical research.
In this study using a national gastroschisis data set, SNAP-II score showed significant utility as a predictor of both mortality and morbidity. Although prediction of mortality in gastroschisis is important, it may be less relevant than the prediction of survival outcomes, given the high probability of survival in gastroschisis. In this context, we found that SNAP-II score was also a robust predictor of days of mechanical ventilation, days of TPN, LOS, and the presence of severe cholestasis at discharge. GA at birth predicted days of mechanical ventilation and LOS (as a categorical variable only), and severe cholestasis as a continous and categorical variable. Although multivariate analysis suggests that SNAP-II and GA predict independently, one might reasonably assume that there is some clinical overlap between what the two variables measure physiologically. The issue of the effect of preterm delivery on outcome in gastroschisis continues to evoke debate, with advocates favoring 13, 14 and opposing 15 preterm delivery. Our data are in contradiction with the reports of improved outcome resulting from planned delivery before 37 weeks.
Choice of surgical treatment (urgent closure versus routine silo placement and 'elective' abdominal closure) is another controversial subject. [16] [17] [18] Our data showed clear benefit to early attempted primary closure for both LOS and duration of TPN. Earlier studies have indicated that the cost of urgent closure may be a prolonging of mechanical ventilation 19 ; however, we did not observe an increase in the duration of mechanical ventilation in infants undergoing urgent closure. An unexpected finding from our study was the association of higher SNAP-II scores with increased likelihood of attempted urgent closure. One might have reasonably assumed that the opposite would be true: that sicker babies would be more likely to have silos placed. However, there may be other unrealized factors (less visceral herniation, surgeon or site biases favoring primary closure, time of birth) that may be contributory.
It is not surprising that failure of urgent primary closure occurred most frequently in the sickest babies (highest SNAP-II category), who would likely be less tolerant of a tight abdominal compartment.
Our study has limitations. The most significant is that our survival outcomes are short term (to death or birth hospital discharge) only. Ultimately, tools used for outcome prediction must reflect longer-term outcomes including growth and the longer-term effects of TPN cholestasis. Lastly, although SNAP-II has been shown to be a useful outcome predictor for a number of neonatal conditions including gastroschisis, it does not specifically evaluate the severity of bowel injury in gastroschisis. A bowel injury-scoring tool that quantitates the severity of intestinal injury at birth should be developed and validated.
In conclusion, this study has identified perinatal predictors of gastroschisis outcome, the most robust of which is the SNAP-II score, a neonatal illness severity score, which is easily calculated within the first few hours of NICU admission. In the future, stratification of gastroschisis patients should combine general perinatal outcome predictors such as SNAP-II with a 'gastroschisisspecific' predictor (bowel injury severity) to enable logical selection of patients for specialized treatment based on their estimated risk of adverse outcome.
